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Scanning transmission X-ray microscopy of hydrogen evolution
electrocatalysts on reduction graphene oxide membranes
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ARTICLE INFO ABSTRACT

W rywrandy Codwalt v ome of the promizing metal catalysts for hydrogen evolution reaction, snd its catalytic performance can
Cobult echly bee Further improved by supporting on graphene oudde and reduced graphene oxide as an active interface 1o the
Pexbaced grapleas oxide subitrate, Scanming tranmmlsdon Xoray microscopy (STXM) idensifics the poution-dependent funceional group
Mbrmbran on e membranes and chemieal strocture evolution of the o0, The in-sity mass spectromeier analysis shows
;I ”“‘h'"”"" i the reduction cisreat and H; generation of thbe electrocatalynt enhanoed by the addition of graphene cxide and
Nipdeugen eveluiion resciion reduced graphene axkde to Co0y, as compared to the CoyD, on the bare substrate. The best hydrogen evolution
reaction performance of Cooll, af - 2.5 V is comelated with the high Co”° concentratlon existed on the reduced
graphene oxide, & evidenced by the nano. and element-resolved capability of STXM. With the scosomical
clectro-reduction synthesis, this study provides brand-new inaigha into the oritical mle of subsirate /GO and

electrocatalyst Co,0, toward the design of high efficiency electrocatalyst.
1. Introduction electrochemically reduced from GO |14 19]. The number of functional
groups in rGO is lower than in GO, which renders its higher conduc-
I the past yesrs, cobalt has gained attention for its performance as  tivity, resulting in better HER performance (20,21, Thus, these two
an electrocatalyst for hydrogen evolution reaction (HER) | 1.2], HER is materials have already been studied extensively with a varety of spee-

an casential step in many renewable energy technologics, mainly water
sphitting, which produces hydrogen as a clean and sustainable energy
carrer. Cobalt-based catalysts have shown promise as efficient and
cost-¢ffective alternatives to traditional platinum-based catalyits, which
are expensive and scarce, These catalyss have high activity and stabil-
iry, making it a good candidate for the HER [3.4]. Many cobalt eom-
pounds have been studied recently, such as cobalt sulfides, phosphides,
borides, and selenides [5-9]. The combination of cobalt and graphene
(G} -based materials has been found o have & synergistie effect in
improving the activity and stability of the oxygen evolution reaction
[10], Graphene oxide (GO} is a G-based material that has oxygen
Tunctional groups, which can serve as “anchors™ to the metal particles to
el the stability of HER |11 13]. Reduced graphens oxide (rGO) is also
a G-based material that can be thermally, chemically, or
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troscopic and optical methods |22 24,

The oxygen funciional groups present in GO and rG0 alss have ef-
fects on the HER activity of cobalt catalyst (Co.0, ) and should be studied
for its specific role thoroughly, GO has several axyjpen functional groups,
e, carboxyl (-COOH), carbonyl (C=0), hydraxyl (-OH), and epaxide
groaps (C-0-C), Carboxy] and carbony] groaps reside an the edges of the
GO sheet while hydroxyl and epaxide groups are attached o the carbon
hexagonal grid (25, These functional groups are important because
they can interact with the coball jons, which increases the catalyie
activity for the HER. The oxygen functional groups of GO and rGO can be
identified using such as fourler-transiform infrared spectroscopy, raman
spectroscopy, and X-my photoclectron spectroscopy, but o soquine
sdditonal information about the spatial distribution of these functional
groups, scanning trarsmission X-ray microscopy (STAM) must be used
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